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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a gate insulating 
film having a thin equivalent oxide-film thickness(EOT) 
and a smooth surface in a semiconductor device having 
a high dielectric insulating film (hIgh-K). 
SOLUTION: When diffusion preventing films exist in both 
the upper and lower interfaces of the high-K film, the 
physical film thickness of the high-K film must be 
adjusted to 2.4-5.0 nm. When a diffusion preventing film 
exists in either the upper or lower interface, the physical 
film thickness must be ac(justed to 2.8-5.0 nm. When no 
diffusion preventing film exists in both the upper and 
lower interfaces, the physical film thickness must be 
adjusted to 3.2-5.0 nm. In addition, when a silicon nitride 
film exists as a diffusion preventing film in the interface 
between the high-K film and a silicon substrate, and a 
nitrogen-containing diffusion preventing film exists in the 
interface between the high-K film and an electrode, an 
ideal stable EOT and a low leakage current 
characteristic can be realized by ac{justing the EOT to > 
0.7 nm. 
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(57) mm} 

mmi i^mnmi&mm (High-K) sr*-rs¥ 

«#:S«fC*5ViT. »V>ift»aifb!lJ? (EOT) 

izhikm^±mi)^&^m-^\z\t. !^mmm^2. 4nm 
v<\tT^mizt>ibA^-:^\zmm±mt^$>^m-^iz 

it. mmmm^2. 8nmJit±5. OnmRT®«SHC 

r^-ii-m^&^o ±^mzhTnmt,ii\z'hmwLm± 
ma^fsi^^^m'^izit. i^mmm^a. 2nmju±5. on 

ts ism^m\z\mwLm±mthx<Ds immi)m 
±-cmm-r^^tiz^r). aa[«J3S^«l>:feEOT^:<£ 




1 

mii(Dmmii^^f3i^-xmn^mmm<nmmt>i2. 4nm 10 

tiismn^mmm<Dmwm<mm (eot) *jo. 7n 

rcitiim±mm^mr^iismmt^cii^(ott^m2<Dmm 
mt. mm^2(DmBm±\zms!Lisnrzf-hmmt^ 
«Afc¥«#:^fijc*3ViT. 20 

^mn^mmm(Dmmi)i2. 8nmet±T»«ctsr# 

fBi«BI«^*6«)»Olfe^iSfkM» (EOT) *tO. 8n 

[i»*«5] ^^mi^mm.±izm^-^tircikmjs^±mm 

(Dmmm±izms!(.^nrzi^mm^BA^<itj:^m2(DmB so 
mt. m^m2(Dmmm±\zm^^tijty-hmmt^ 
mx^^mi^msiz^^^x. 

"^mmmmmmoimmibiz. 8nme;±-ca5«cia:S!^ 

(EOT) lnmSk±-V& 

im-^mi] ^mi¥mm±izm^-^nrcMmmi^Bi>^ 4o 
^ts.^mmmii. mmmm:±.\z^^-^nit^-vwm 
L^mxTz^mw-mmz^^^x. 
mwm.wktz\'ii3^^tA^i^m^mmWf.m<Dm.w^tii3. 2 

mm.Wk<r>mw-mi\imm (eot) ^jti. QnmSK±.x$) 
[ 9 ] 1 ~ 8 CD vi-rn*^ 1 «»r8E«o^ 

»#:S«C45ViT, 50 
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M§EiSSK§«^*6i»l^®M;**« 5 . OnmEATTa&Seit 
1 0 ] if!*^ 1 ~ 8 ©Vi-rn*^ 1 :BfclB«c® 

1 2 ] mim 1,2.5 sfctt 6 \zmm.(D^ 

Bo 

[« *a 1 3 ] mim 1 . 2 . 5 * fc« e fc8B«o¥ 

ll£iS:S5lh«flg S^-r ^ i^Mm A *JA 7 <^ A * fe« 
CW^Ji 1 4 ] if 1 0 ~ 1 3 ® 1 

m%mmn,^w$m.<r>m.mii^ 5 . on mjj^T-c » ^ ^ 

[0 0 0 1] 
[0 0 0 2] 

ssiiYbfc^t-rsaffiJtiitc^vi, mo s f e T©«itiWfl2 

■Xh.\^':3tz^mifim^\\L\^X<^o il®|J5)8&«If!|-r-5 
fcfetC, Hf02, Zr02> La203> T i 02*;fcK 

T s.20z^<ji'^mmMMV<-^Wi^^tzf-vmim. (sx 

Hi gh-K^) JCJ;D> Wi^^S i 02Mi:««/J: 
SII^SS'ffcKiP (eiT> EOT : Equivalent OxideThick 

ness) •^%myn.i>'^^mmmnmm^m<-^^i:.\^^'i^ 

^im^-^nx\^^. 

[0 0 0 3] ^Tz. ff^^-Wv-XT^-^LS liCtSViTtS, 

i^LS I S«|^!g-r-5MOSFET{C«, IKiii:t?S*lj^L- 

[0 0 0 4] tte*©H i g h-KM05Jg^«;:^SK«rM2 
000-58832-^ (United States Patent No. 
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6.013.553) C3B«Snfcfe®;5S^e,nTt.>^, 131 

«i io±tcxfcfij'+i/-^;ps isi 2^mm\^. 5^ A* 
'fx«it£**|c5^^:?;;H!gJt*i 3©±C}gBg$n<5o :i^a 

e.®#l3i®*«(CML, 1. 3 3 X 1 0~lp a(DK^# 
IBStf^T, 6 0 0~7 0 CCTiligS 0#[SlJp|^-r^iIi 

l^*^nT**iJSf«»StlS*i, Sfe«iei«3l|S ( 1 . 3 3 
X 1 0"^P a) 'y— ;i/ft'-C7 8 O'CSft® 

[0 0 0 5] ««j&ti!riJ->;5:S i«ffi, mmiM^lt 

CDitCX^I-^/i?, it^^fflfiKft (CVD) mtz.\-±:f'yX 
vCVD#tCJ;0, v';P:3::i'i'A^«*;fc«A>'r:':7A 

NO*;feKN20CDJ:5«t^ 

» jK-fb^a^ let 0 , :t ^ v'Sfb 3 - ^7 A S « :t 
4^'>SYbA7-C^A*ie.J5:-5y- h®l«#:H 1 4 fr^ift 

HSSiffT, 7 sec, 2 0m<D7=:—)U\ZJ:K)mmt'r 

[0 0 0 6] eA±Oj;-5fcbT, :t-^->lg{b':?;i'3r:»:7 

A*;fctt:t=^i'Sffc:A7r:>:;A*ie.;4-5y- hSf«#:» 
1 4 Si O2® JtSI«^«k D < lS5liit«ti^ 

[0 0 0 7] ^fc, ^+v'S'fti>';i/3-';7ASfc«:t^ 

->S<t;A7-«:>A*iS:&sy-bSi«#:«i 4Ctt, ^l^ 

*^*:^-V^;p«B*Sl 3(DjS.miZS i 020ffi.B6;{C3aViS> 
;Unr:':;A->U^- hllS/t«A7::^'5'A'>U^- hB 
*s e ^fc Jg^tE ^ nx V ^ ^ , t v"J :3 > t © 

37c«ft:^!|&*i6;^«v'U h*^i|6ftt, -UStm^ZTLiz 
ta^^mnrnMn (IPv'U^r-hB) J;0«S«5^dt® 

[0 0 0 8] 

(c:feviT, ^^m\ifmmo^9^wiz^K)igt^ms^-r^^ 

^~-3^--v&^EOTibiMmizmiaiy. s^jtbfcE 
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[0 0 0 9] $6(Z^:®^)l{C-DViT4J-j5^0i^-r<lffil8 

^mmmi¥^mizmizm.m\zEo Tismmvxi^xmm 

(.-'mmx:^^m^f3im\^) ^mmf3i^m^nt:itiz 
j;Dfffcic^fflbfco tfsm<D^o\zmmmsm-s.. mM 

10 mmm\z^r)^-hmmmi)m^-^ti^o Hi eh-K 

#<£^L-fcs?*rat£t4*J^j:D-i^-r<, ^mr£s i 02 

fettB6*JrSH-r-5^SS:S i 02ll«, il«S i S« 

mi-imp^x^i^—izm^i^fti^. ^i^ttEor^^^-v 

[0 0 1 0] ^Slc. S^^feitS?^tceH-r-5^S;5:S 
i02BJC#Vi, y-h©U-^'iii!iE (Jg) tjA'^^iy 

+*iiii)Pb. $>^m^M.^mizvxm.mizmMi-r^<D-v 

[0 0 1 1] ^SD> *!^^®l6l®Slifi}gJ8Tj!l^b 

!^mmm£kyo)mmiz:td\,^x^^mnmm<Dmmi!)mm 
izmmv. '^^TA^pt— ^'-■eafe^jEOT 

561 *Jll)ttCliSDL> L*^fc-5-OEOT*5d;tJ^'J-i'lifflE(r 
A^U/^^&fe*, ^^LfcEOT^U-^'«i!KS«^T 

[0 0 12] Sfc, *l6?g®^2©S|J£^88T»?^LJ: 

5it--5^®trigbT«. $>^mmEi±xMm\z^M 

[0 0 13] 

[KHS:«?»t-r'&fe*©^S] ±iaoilSSSi!?^T-5;t 

:^mMiz^^mi<Di^mi^mm\i. ^m^&m± 

40 miommmi^. mtzw.i<omMm±.\zm^^nitMm 
«#:BjSie.;&sB2®i!s6ifti8it, nw.m2(Dmm±\z 

3©*6^)Ki> m%m3(Dmmm±.\zmm.^nrzf-v 

t wsB^ 2 ®*fiiftiK t wiem 3 ©iisfiijiiijii oif^*^ s 

^iifSI«**ei&^CDiK;0*i2. 4nmfi(±-ea&-5J:a:* 

[0 0 1 4] zL<Dmmz^-ox. EOT^mM.mi3.mz 

50 mx^^. 
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[0 0 15] ±IB0iii«#:^B(C*3ViT, WIB^/'-h* 

mm(Dmwmitmm (eot) hjso. 7nmEi±-c$>^ 
[0 0 16] sfc. ^^miz^^m2<D^m<^mm.u. 

afc*5v>T, «f}famioifiR)i!itmffiiB2®i^i&isto 

[0 0 17] C:cd«|^KJ;-dT, EOT&a3B6<j;Ji;^t{c 
[0 0 18] ±IB®i|i##:gBtfeO>T. WtBy-h« 

mm<Dmmwt<tmm (eot) *so. 8ninB^±t?i6« 

[0 0 19] *fc, :*:fe^{C#-5B3©i|£«<*:ga«, 

[0 0 2 0] ^.(Dmmz^-oT. EOT^mmmrmiz 
[0 0 2 1] ±m(D^m#mm\zi5^^x. mmf-hm 

m<tmm (hot) *J1. 1 nmet±Ta&-5Jli:*WS 
[0 0 2 2] *5!BJ{C«^»4CDif^«#:Sea. 

mfimmm±izm^-snTzy-hi&mii^m^n:^ 

«#:ggCt3ViT> ttlB^»KfcltA^ 
[0 0 2 3] iIO«^{C<fcoT, EOTSrHSMTSfiSfC 

[0 0 2 4] ±iB®i|^«#:S«(C*3t,^T> WsBV- h« 

mtmm (eot) jjh. e nme;i±-ejbscit5{it»s 

[0 0 2 5] Sfc, m, 112, ^3*fc«S40#« 
#:^«K;feViT, ttlBl§;^«^^a:JKcDMiP*J5. On 

[0 0 2 6] ^(Dmmz^-DX. ^m^mm&^T^y 
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[0 0 2 7] S^tC, mi. ^2, ^3*fcttM4CD# 
[0 0 2 8] mi Sfcttm2®if4«#:SS»C*5t.J 

iiii»u:2-ryM.<Dm^miZ{}>u< th^m^-k-itz^U 3 

[0 0 2 9] S;fc> mi *fc«m3 0i|^«#:SBC*5l,i 
[0 0 3 0] Sfe. mi S/c«m3(C4^«#:SB{C*3Vi 

[0 0 3 1] 

20 [ 0 0 3 2 ] 0 2 tt. ifmm% 1 <Jimmmm\zmt>^ 

¥«*S«®MjS:^rffioxs»fffi0^^t-o S-Tv (1 

0 0) ffiS^fSS i«tg2 l±(C5KT4i-8|ffi®i^i»)W 
2 2S:J^figb. 7^A*-1';^ffi:^2 3 Sr)^^S-r^o ClCDf^, 
^i¥©RCAi5fe^t^&f?HFi5fe^©^{C, S i««2 1 
®^MSrNH3:^f;^4'C6 0 0~7 0 O'CWfi^'C 1 0 
~3 OS>«if«l>TS iS<blSt2 4S;J^Jl£-r -5. JICD 
ft, CVDy-;>^^|gfflbTCVD-H f 02Wt2 5 5r 
J^J5KT-5o t.1t> S i»^2 1±{CS im\M2A^l^ 
fiJE-e-TfC. CVD-H f O2K2 5 £(tS?^^-r-5«^ 

[0 0 3 3] CVD-H f O2M2 5«=^^-\'U 

-\';tfxa:LTN2€:^fflb, J^flsH f V-;;?.®H f t-b 
utoxide (Ci6H26Hf04) Sr«5fflb, ^^02i*C 
5 0 O-CTRT-CVD (Rapid Thermal CVD) ^SM 

f. O, C, H^t^WStl^o N2:*fXfe-^tJ** 
5 0 0'C®SflET?K#^»{c:^jgttTS«:fe:», N2®« 
#«l^^(c:/jN$ii„ m5g^)-W®«S*, Hf tO*J^S;S: 

[0 0 3 4] Wi. siJ®cvDy-;^?£fi!fflbfc«^c 

OliTiig^-r-l). CVD-Hf O2M2 5ttAr^=^^ 
U-\'**XiU, H f Mbife/0^e.J'j:^H#:y-X«H f 
nitrato (H f (NO3) 4) Sffifflb. ^^02t*{c:2 

j^fig;t-^= :Lo:)mMt.t^^7tmt.\^x\t.. Hf, o, n 

;5t^(f6n^o Sfe, Ar:tf7.fe-g-tJ*J2 0 O-CWSS 
t?tt^«(c:T^ffittTS,^feJ6, A r <r)^-^mm\Zf\^-^ 

50 f 02ii\^om.^t:n^. ^(Dp^mziSL%&.-r<Dmmu 
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[0 0 3 5] 'AlZ, MOSFET (eidTBnMOS) 

^m^-r^fttb. cvD-H f 02K2 5®±{cy-h 

«M26iLTPo 1 y-S i )^*;(fc«P VD - T i N 

[0 0 3 6] Po I y-s im<Dm-^<oiimm^\z^f^^ 

Xmm-t^. CVD-H f O2JK2 5 ©iteifS, N2ff'T 

6 0 o~8 0 ot;®ias-ey--ji. (air, pda) 

n-Dftm, S i H4€rJiVifeCVDfc±i3Po 1 y-S 
i)K2 6^5 4 0"CCDjaflfTJg^bfc. ilCDS, 5X1 

0^^cm"2®P-f:t>aAbfc^, y-h«ei®A-^- 

>r:>i^S:ff-3fCo Sttft;a>T::i-;ns^jiN24'-e9 
OCC. 3 0#CDRTPJrJ:Offt?n;to 
[0 0 3 7] ^^;i/y-hCD«-&0«ffiJ^lKKO 
^^Tmmt^o CVD-H f O2IK2 SCDitflS^, N2^ 
-ee 0 0~8 0 O'CcOSaS-XfPDA&fftp/c^, Ar;^ 
y'? <y ^ C J; P VD D A* U T;« 3';i/a:3!t«#:*> 5. 
/i-ST i N/A 1SK2 e^Jg^bi^c. A*U7;><iJ';KZ)*^ 

/'N*U7^3';Kc^^*-&wr-5fei!e)> cvd- 

H f O2II2 5 0±«g|5KSlS*J»A*nTi6*Ojl£« 

m±mm^mvtt^^'^^m 2 7 ^mmizm^-v^^o 

[0 0 3 8];^Cfe, ;i®ct5tCJgfife^tXfcCVD-H f 
02M2 5CDEOTtt, LCR^-^ — tCj;D CVM^ 

[0 0 3 9] ±w.(D^miz^r,ipm-^nrcH i g 

h-KIW[^*r^y-h#l3i«3:P®5''f 13 
1. ^<:^3 2*3ckr5^''f :/3 3ttjJATcDJ;5fciSl^s 

[0 04 0] i5'-f:f3 Itt, S iSU2 l±iZS imt 
M2 4*JgJEKb, -eCDifCCVD-H f O2SI2 5<feJ^ 
fSL, -e®±(CT 1 N/A 1«2 6Sr}^^bfc»-a-T2b 
H i gh-Ka2 StS i»«2 10D#ffi(cttS i 

mm2 4i^^t£^^WLm±mi)m^h. Hig 

h-KI82 5tT i N/A 1812 6®#®fC'b!g3!l<£-^ 

*-r§CVD-Hf O2S2 7A^6,;S;;g)ttt5:K±)K*s# 

[0 0 4 1] ^''f :/3 2tt, s i««2 i±trs igsfl: 

^2 4^m0SiV. -^-WifCCVD-H f 02^2 5 SrJ^ 
^fib, -^-roitCPo 1 y-S i )K2 6 2rf^figL.fe«^;iiS 
i-p®^r-;:<,-ei5^. SfcCini^giJfC, Si^'ft;M2 
4S:}^^-a-r, S iS:K2 l±ceSCVD-H f O2 
m2 5SrJ^^Kb, •?-CD±i'T i N/A 1 M2 6 SrJpgeb 
lO©-ir-XT*-5o O^D, High- 
K8i2 5 tS iS«2 1©^M(C«S imt^2 Aifiib 

IK2 5tTiN/Al)K2 6©ISlM{CttSm&-&*-r-5 
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CVD-H f 02^2 7*i&;S:^af5|»±«*t#;^-r^ 

^^fc^fjsrSo cloi'-f :/3 2tt, ±l?.ffi*>b<KT 

/«£fc, m^oimm.\i. imm±mm^\^m^\zs i 

»«2 1 S;fcttPo ly-S iK26tHigh-K]«[ 

[0 0 4 2] ^'-r T'S 3«, Si ^■fblK 2 4 SrJ^fig-a: 
t*, S i S®2 1 ±(Cit^CVD-H f O2IK2 5 
bKL, ^CD±(CPo 1 y-S iJK2 6 
7^? a-So H i gh-Kli[2 5 tS i»«2 10#ffi{3ttJS 
t5:l»±IK*J#ffi1±-r> H i gh-KK2 5i:y- 

^s-r^o ^icD^'-f :/3 3«±i?.MiT#ffi£-e.e.tcfcia; 

3 2i:|SI^fC, S iS«2 l*;5:ttPo 1 y-S iJK2 
6iHi gh-KM2 5i*ss;i£i:U;t#ffi&Mj?:«j(c:^ 

[0 0 4 3] J^CtC, 2^^g3fCSofeSI»i^*JCOViTia 

4^#flibi^j:*JS3ftBJ-r-5. l2l4®Sli^5^— ^'©MrfilJc 

^0 oviT, Hff® (1) ~ (6) (Dm^m\zumr^o m 
[0 0 4 4] ii^. mmmmmmm(D!^mmm^mmit 

S-&^::t-eEOTSrTlf^»75«T^S„ (1) Jt««J 

;?vi«fiS:iKsj]^i!6L7t»-&, EOT hit^mm^^m^^ 

-r. (2) li^^C, »Vitiaiij!£»CDiffiigi|g^&J^fi!tbTVi< 

i> tti^65(c:EOT;^|JMii>bTVi<„ (3) $.-2)EIS#0 
i^aMlt(CiiMLfci#, S/jNODEOT&^-r. (4) 

c:®ia!#i^ais;pj;ot>»ii!i<t*ii«>st> jiuceot 
iSiibT, s i mm.tco^miz^mf£S i ozm^m^ 

35:«^ ( (6) -^\^A^oMm) ii^^±^<^tlXV^ 
5« (5) S6tc:»ar[:<£:jii*/t»^> S#^j:EOT& 
:S^f (6) a3ia5;5:«-&lr, ^^i^AJjl^* 

[0 0 4 5] V^^^TS i 02lKSfc« 

s ioiimx-mmiz^pi^nx^rcmi^tumtjir)^ 
40 m.^\t.mmum.m.^mvx. h i gh-KM#*oKi?. 
i^aiig;?j6t#aTsiK*&^fflbfco ^(Dmmt. 
ffi^MiP?£«rtc E o Tfjmmm.Wiii^^-X'^ < ^n-s t 

[0 0 4 6] — I TR S (International Technol 
ogy Roadmap for Seal conductors. 1999 Edition) 
® 1 2 4'^->'®*3 4 afCfBtg^tlTVi-SJcotC. 2 
0 0 5^0 1 0 0 nmy— KCMOS(r*3t,iT, 
n^EOT«l. 0~1. 5nmTa50, *;fcS^$n 

5i> ;^'^yi7&KS^Sa:, ^3£T?*»Oj»ViEOT&^af 
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0, 04® (3) -C^UfcBllf%S»EIPJJ;^±CDS?Sf«^ 

[0 0 4 7] :^5^m^zm':>rcmmmm\z'D^^Tm 

5~ia7S:#Mbfj:*t6.pL<ll(ciaga-r-5<, lasic^J 
2. 4nm®ISl^!^aSiJ?<£:^(C> jS^fCE OT^tllSttC 

[0 0 4 81 06{C*5ViT, 3tLt^Jg05*-^'ttia 3 T 

bTVi< tEOT^SEIIMfcM^bTtK*^ 2. 8n 
m®K#$>(aPJP$:^{C, 3S»fcEOT*tA8cfCiiJnLT 

[0 0 4 9] 0 7C*3ViT, ll3tLffl5^-iS'«0 3Ta^b 
fc^^'f ^^3 3®i(gms^-r. ±T®#ffi{Cll£i5:l»±K<£ 

*sit«ie<j(::M^i>bTVK*i, 3. 2 nm(Dmwmmmm 

[0 0 5 0] 0 5~|2l7T:^L.fclHftij$*(C*3li 

T, pu*&ai»Jittt*t-rsEOT©n5!y=^'«, pda 

^EOTWA'^^^'^^tJiilfe/jN^t^iffl^^L, 0 5~ia7 

/M*| {r *5 ViT t) E O T ® A* 7 < D $!lWI^tg 

[0 0 5 1] )k\Z. CVD-H f 02&^IKbfcf^(Z)>^ 
U'\l7.\Z-D\<^Xmmt^o PDA^"©^®^^, Pol 

y-S i^l8Nr®#^a*.S63S, P VD®^3';i/3i«ff' 

(Dmmmn^^xs-p o i y - s i m^mm\i-r^T=.— 
)v^(D^mmm^oimm\z^-DX. :/n-tx4'CD»fflM 

e. H f o K**sM«5:-r ^ i:i:2:^^{c|»<c:i 

«MfcSSSn-5K^©S«««T^;^cVio *7t> Po 
1 y - s 1 cDfiftt-ftT— — 9 0 0-100 or® 

PDA &ff o Ttm, X u ^ h u --eaijjt b^^ap 
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*stemb> S i»«{3Bbfelit}rliife;^e9{cO. ISnm 
®S i 02S}PJ^bTbS 5o ;:®«-&^ ^<!t:®EOT 
*J1. 0 nmi:t/i-5^»©KtcMbT, 0. iinm®M 

®JiJq«> EOTtbTI&i o%iS*®Jiin*it*b, 

tii sh-Kmivx\m.^muf^mx^^o c®j:5 

[0 0 5 2] b;t*JoT. ^^bTEOTS'$fW-r-S)fe 

j&fctt, ^mm<j:>'^mmm\zm.'m^m»t:m.n^'Z-^ 

^|iS{C«ffbVi^^;OJffi»roH i gh-KaTH^S 
tl. a>^H-€-®Sl^^abTiSH2r^ab;^ci:*ir, ^ 
®SH€rii^«b, «P^*m^*^^Wbfco 
[0 0 5 3] 3'-1':/3 1 «±#Si:T 

20 ^m^-h^\z%Wkm]±mffi&^m^x$>^x. iiamm 
^m*) b < ttT#M^s e.*^-:&{c&iRg&jfcM*tab«.» 

tc. i5"r::^3 3a±*ffiiT^ffi<ifse.(cfeS£«iB&il:M 
*»;aVi»-&T»oT, !g&ai^JS«3. 2nmSK±^-mx 

[0 0 5 4] mi (D^mmmo 2 ) mmcD'^^mmm 
m(Dmmizm^> t<Dm^^mm!^<Dm^x(DEOT t 

U-^m)ffi#ttOfflMt':3ViT, ia8~BI12*#Mb 

30 tut^i^-^iizwim-r^o 08~iai2tt, eotjc^-t 
^y- h «jEE*s- 1 v-e® u — i^mgss* u 0 3 tc^ 
t^-f ■:fiz^ii^xmmT^. 
[0 0 5 5] ^''f :;'"3 i«±#WiT#®^%^tct>te 

mm±mAi&^m'^x&'DX. ^(Dv~i7nm.^^^m 

9 (r^R-To H i g h -K)K®KJ?;5S|^^tc»t,i«^lJ. 

^p-fe7.SH®#^jii^^*(w J; K) s i 

^CID, i''f:f3 1i!>^iof'^:/3 2\Z^<t'r^ii^^iii 

$>V. m'PCDj^mx^LX&^o *:/h®EOT«|<I0. 
7nmTa5^o I^TzA^-dX. EOT5050. 7 nmii(,±-e 

^T®TM^bti. rne;^®«5iE-e«, ISIbEOTtC 
43liTfe#S(ci«ViU-i7«at^^i^by- hJSiSiMib 

[0 0 5 6] ^^-r^a 2«±#Mfcb<«TifMif&e. 

T 1 N/A llK&«|fflbfc«^®'J-^«M#tt&ia 1 
0\Z^-t, a/h®EOTliiK(0. 8nmT*-5, bJt*t 
50 tpT, EOT*tO. 8 nme;±T*iOU— i'^iiS*!! 0 
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nmCDtelBT^, |^i;EOTlC*3ViTfc#i»fC?i5Vi'J 

tt ^ s « ici^ u E o T T * -s t Ji s V ^ u - ^ m 

[0 0 5 7] ^'1'-:/3 2Ty— h«ffit-P o 1 y 

-s im^^mvrzm-^<Dtj-i7nm<i^^^mi nzm 

XgH®#sa*BI*fc J; D S i »«{l!Traift*J)8:: 

0, la+O^i^T^LTfe-So «/hOEOT«*«Jl . 1 
nmTa6-5o Lfe*»T3T, EOT*tl. 1 nmet±T*> 

•DU-fnmiii^sx 1 o-^A/cm2e;T®!Rptta^-r 
s:^i^-ro-eM*uvio ime^^i-ffliiHT^, i^ueot 

CO 0 5 8] ^'-f 3ttJi#ffii:T#M<i:-^e.tXfeJS 

12}C^-ro li/jNCDEOT«*«Jl. 6 nm-ea&^o 
*JoT, EOT>5n. 6 nmJi^±-e*iOU-<^«8iE*n 

^^jk=S:mzm E O T-ei5».-5) <!:|gcWe^± feiiSVi V-ir 

[0 0 5 9] ^:i±<Dp^m>tmttbxmmt^c ms^zyn 
T^fcit', EOTizM-r^v-c^nmo^i^m^m^rc^ 

-^(D^-f Zf 3 3 ■V\t. HUEOTC^bTtjotfeU- 

i'«ijit*s»t,\ S i»«i:H i gh-Kll®#ffi{CS i 
^{b«S:lt£«E&ihlR(cffiUfc»^, ^fetJH i gh-K 

fc«-&CD3"f T'S 2T«. IH;EOTfc*|-bTU-i'« 
[0 0 6 0] 0*0, 1 »*6fiJ^l^tr*5Vi 

T. s immiiH i sh-Kmoi^mizs i^im 

sms-^w-r^cvD -H f 02m mmismmmm) 

i!)^ibtsi^mmm±mf}mtE-r^m^iz\t. eotso. 

7nmei±-e, *0!^aiKPK2. 4nmiJ^±Ta&^H 
[0 0 6 1] Sfc, S iSffiiH i gh-KMO#ffi(c 
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•r, H i g h-Kmty~ hnm<D^m\zmm^'^^T 

l5§±K*s#&-r EOT*so. 8 nmKK± 
■e, *iOi^aM/P*t2. 8 nmJil_h-Ca&-2)H 1 g h-K 

[0 0 6 2] sfc. Hi sh-Kmt<f-hmm<D^m 
10 m) ts^ibis.^mmstmi)m^^-r. s isigiH i g 

*^0!^aKt|it**2. 8 nmet±T»'g.H i gh-K 

m^m^^^^iL\z^Ki> sjebfcEOTtASFJftu-i' 

[0 0 6 3] S ia«i:H i g h -KIKOl?-ffilC 

-r, m sh-K^tf-hmmoi^mz^m^^^t 

^CVD-Hf02S (^^^^IfiSB) 
^0 l»lh]^J&i#fiL'i^Vi«^{C, EOT*U. 6nmiJ^± 
T, *iO!^ffiSg)?*t3. 2 nmJJi±T*SH i gh-K 

[0 0 6 4] ^±© J; o \z:^mn<D^ 1 «lllfl0«8{Cfe 
i9!^£tt (c $ij ^ , b E O T t ^Jf U - 47 «giE 

[0 06 5] 2 (D^mmm) &rF> *ig?scDig 2 © 
30 mmmmiz'oi^^x. mi 3tmi 4'S:^mi^f3ii!)t&nm 

[0 0 6 6] la 1 3 fC*5liT, ^!ic,^m®j|^aM/P}c*f-r 
-5®^W*IS«»^ (AFM) (Surf 

ace Roughness) (^T, RMS) ^^Vfzo iiSt 

HtWS i STORMS ttO. 1 5 nm@aT?a5€), -T^JJ^ 

iz ^ ommmm^mm^ -^T \,^< m3. 8nme^± 
i)^<^Rusi>mm\zmm^^o ^.(D^m^y^TsO^mM 

mmm.&^2 0 0~5 0 0'Ctc^;^;fclBffl> 

mmmo:>m'^mm^mit^ 0 ~ 9 0 % {c^;t;fc«BHi*i-c 
[0 0 6 7] ^<D^3f3i»m^y^7.<D$>^fimmizn 

[0 0 6 8] Sfe;, ITRS (International Technol 
ogy Roadmap for Semiconductors, 1999 Edition) 
(Dl 1 9-^—1^(0^3 3 a ^0m-t^t. 2 0 0 5^0 

1 0 0 nmCMOS l/^;U-t?«, h|fiig:#:2rS i O 

50 2tvx^^ftm-^\z. mm^y^y^iio. inm&rF 
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**S*SnTVi.5 (1 2 1^— v'coaf? [L] s# 

[0 0 6 9] :$^9tm-vmmvrzmmmmMn\titmnm 

EOT^^mz^WT^t. RMS<£ij!?JO. 3nmmT 
{CT-S^li^ss^^n-So ^(Dtcisb. RMSSG. 3n 
m£^TC^;^*(:«, H 1 3 ®i^**>e)%a)KW4iI>fe 

[0 0 7 0] £t±®J;5fC. *l8?i©m2 ©SHJfiJ^Jifc 
[0 0 7 1] ;/S*3, :^%m<Om 1 2 ©SIMJ^liiTS^ 

3 2 «±#®fe L < «TI^® t*-^ e.:^i-*{Ctei5:^±IK 
T. i^aiKJ¥**3. 2nmet±t?5. Onrnfi^TOteH 

[0 0 7 2] ?i£*5, 2f:%Bj®mi t^2(Dmmm\z^ 

ViT, S i««tCVD-H f 02lSICD#®{rS i^fb 

nh3> no 

S « N 2 o ^ ® ^ * $ tj X T ® t; ^ « :/ 
^XvSYC^roMMa^ffl feck 

[0 0 7 3] ^fc, CVD-H f 02«lty-h«ffiO 

y-h«ffiJ^J^tfrtCCVD-H f 02)«efr^S 

m^mi^\z. aiijWJ'CVD-H f 02W[®±JlgB*lS 

VD-H f 02m^mm'^mimi^\z^M^^tsiJ7. 

[0 0 7 4] Sfc, SSItB^iffiSKfc^&S^SS'ftiKl 

\z^m^ists-»:^^mx\^xs imwLm(oymm^mm 

\z. T^mo:>wmitmm^m-r^-^mmMim.m. ^ 

[0 0 7 5] is.^. -i^mfmmmmt.ii f 02S^v^t 
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mmi^rct^. j\y—'^j^t:'j)Vu-'yA\zVi.?Lxzro 

[0 0 7 6] Sfc, H f 02)KC5)^J5!fe fc«JS#:OH f V 

-X (Ci6H36Hf04) ^m^^tcn^. \iky<Di^mt:m 
v>5J:tfeT^-i). cvDffi-eit«-r-5.«^{ctt. td 

EAH (Tetrakls diethylamido hafniun, T-h^^ 

X>?X5=-;i/T5 HAy'n'i^A. Ci6H4oN4Hf) , T 
DMAH (Tetrakis dimethylamino hafnium, J-hy 
+X>>;<5^;Pr5/A7n'j7A, C8H24N4Hf) , *3 
i<? Jct^Hf (MMP) 4 (Tetrakis l-Methoxy-2-iiiethyl- 
2-propoxy hafnium, 5=- h 1 h 4^5^ 2 =}^)V 2 

XDTt^^v-A^rie^i^, Hf [OC (CHa) 2CH2O 
CH3] 4) ^^mt^^iiiiiX^^, Sfe, H^y-x 
(^J;t«Hf (NO3) 4) feffifflTSdtdJ-eir-S, S 
etc, PVDfeTift«t-^«-&(C«, A:7--i7A (H 
f) ^-fyh\zmm^^TST)V^y^lMXtzm'b1i7. 

[0 0 7 7] HlifiKraiS/PCM-rsEOTCD^ 

ifsi^^Rmtvx-mtx^^rztb. *^BjttHf02 

t Z r OaJJJl^l-®, «»l;lffTi02, Ta205, La 
2O3. Ce02, Al203> BST^*fe«J:nSCD3 

Timmitm: m^\i. HfxAiy02) , sweetie. 

[0 0 7 8] :$^9tm(^mmmmizis\^^x, mm$t 
mmmmoi^m^mmrnvfcmi. ten, ai, r 

u, Ru02SfcKC:ne>®*t)|e^{rS i SitttGe&jl 
[0 0 7 9] 

mm<o^m &.±mmvrz^^ iz. *^g^®mi®i8 

ififl^^fr*3ViT, S immtH i gh-K{B|CD|?.®fcS 

Kmtmm(D^m\z\tmm^mmmmA^^tji^mnm± 
mt^^^T^m-^iz. mmmm7i^2. 4nm&.±x$>^ 
ismnmrnmrntm^^^^itizj^r). eot t:mmti^^ 

40 [0 0 8 0] Sfc, :*:%?^®|g2®5IWJSC*3liT, 
[HffiCDfBi^^lKW] 

m 1 ] «e*^J®H i g h -KliS&#t-S#«#:S«<D 
[El 2 ] *fig?g©m 1 ®SI»li(cMfc-5¥»#:S«® 

[1213] :^^m(7>mi<D^mmm\zmt>^y-hmm<D 

50 3 3''f •:fo:>^mm 
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[04] :^^m<Dmi(Dmmmmzmt:>^!^mmmtE 

[06] :^mm(D^i <Dmmmwnz:^^^Tnm±mi:)i 
m 

[08] ^%m<Dmi(Dmmmmzmt>^EOT\zMT 

[0 9] ®||J£J^^(CM^pS^'<7'3 1® 

EOT IZMT^ U - i'«giE®«rtt0 

[010] *5^HJ©l|10*M}^IKf'Mlt)«5''f :7'3 2 
t^T^ 5';!^^'*- h 0«^0 EOT izMT^ U -i'^ 
M®#tt0 

[011] :^^m<D^i(D^mmm\z«t>^i'^z^3 2 

(C*3ViTPo 1 y-S iy— hCD«^CDEOTtC*fT« 

[012] :^%m<n^i(nmMmm\zmt)^^-(-f3s 

O E o T tr*fr S U - ft8KO#tt0 
[013] *:»Bjom2fflSliSJ^«ifCMt)-l)*!jaigJPi 

«®7:7:?;X®ffiK0 

[014] ^%^(Dmi^^nm2(Dm&mm\zmi:>^ 
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11 s i 

1 2 xtf5'=^^v-^;|/S i S 

1 3 ^^m^^^^)vmm 

1 5 y- N^ffi 
21 Si 
10 22 m^»mm<Dtm.m 

2 3 T^AMXfflJ® 

2 4 Si fg^bWE*^ ^t^^i^mm^m 

2 5 CVD-Hf 02)K*^6;^£-5H i gh-KM 
2 6 Po 1 y-S i!e[*fc«T i N/A 

2 7 ^^2r^*-r-5CVD-H f 02«d^e>^.S4£t!c 
l»Jhlg| 

3 1 Si S«/S i ^Ybl^H i g h -KM/ (T i 

N/A 1 m) ®«ifi 

3 2 Si mwL/s i m^tmxH i g h -kk/p o 1 

y-S i)KS)S:«S i»ffi/H i gh-KI^/ (T i N 
/A IK) CD«ii 

3 3 S iStg/H i gh-K«/Po 1 y-S i)K« 
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F^-A(#%) 5F140 AAOO AA24 BAOl BDOl BD02 
BD05 BDll BD12 BD13 BD16 
BD17 BE02 BEOS BEIO BE16 
BFOl BF04 BFIO BFll BF15 
BF40 BG24 BG28 BG30 BG32 
BG44 BG56 CBOl 



